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DEVICE AND METHOD FOR MEDIA ACCESS
CONTROL

FIELD OF THE INVENTION

The present 1nvention relates to a device and a method for
media access control and especially for power eflicient
method and device for controlling access to a serial data line.

BACKGROUND OF THE INVENTION

The complexity of integrated circuits has dramatically
increased during the last decade. System-on-chip and other
multiple-core integrated circuits are being developed in order
to support various applications such as but not limited to
multi-media applications, real time applications and the like.

Various protocols and buses were developed for exchang-
ing information between semiconductor components. They
include, for example, the I°C serial communication protocol,
the Senal Peripheral Interface (SPI) serial communication
protocol, and the PowerWise™ serial communication proto-
col.

The following patents and patent applications, all being
incorporated herein by reference, provide a brief overview of

various devices and method for exchanging information: U.S.
Pat. No. 6,483,847 of Ross, titled “Arbitration scheme for a

serial interface’; U.S. patent application publication number
20040049619 of Lin, titled “One wire serial communication
protocol method and circuit”; U.S. patent application publi-
cation number 20040049611 of Kotlow et al., titled “Flexible
port configuration and method™; U.S. patent application pub-
lication number 20040148446 and U.S. Pat. No. 6,697,884 of

Katsch titled “Communication protocol for serial peripheral
devices”; and U.S. patent application publication number
20030090939 of Perroni, et al. titled “Nonvolatile memory
device with parallel and serial functioning mode and select-

able communication protocol™.

Many power management schemes are being developed in
order to reduce the power consumption of modern integrated
circuits. These include, for example, clock frequency reduc-
tion, dynamic voltage scaling (DVS), dynamic body biasing,
dynamic threshold scaling, adaptive body biasing, and the
like.

The following patents and patent applications, all being
incorporated herein by reference, provide a brief overview of
various power management schemes: U.S. patent application
20040052098 of Burstein et al., titled “digital voltage using
current control”; U.S. patent application 20030139927 of
Gabara, et al., titled “Block processing in a maximum a
posterion processor for reduced power consumption™; U.S.
patent application 20020000797 of Burstein et al., titled
“Switching regulator with capacitance near load™; U.S. patent
application 200400235068 of Gary et al., titled “Methodology
for coordinating and tuning application power” and U.S.
patent application 20010038277 of Burstein et al., titled
“Diagital voltage regulator using current control”.

There 1s a need to manage the access of multiple compo-
nents to a shared bus in a power eflicient manner.

SUMMARY OF THE PRESENT INVENTION

A device and a method for media access control, as
described in the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated
more fully from the following detailed description taken in
conjunction with the drawings 1n which:
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2

FIG. 1 illustrates a device according to an embodiment of
the invention;

FIG. 2 illustrates a device according to another embodi-
ment of the invention;

FIG. 3 illustrates data line interfaces of master and slave
components, according to an embodiment of the invention;

FIG. 4 illustrates a data line interface of a media access
controller, according to an embodiment of the mnvention;

FIG. 5 illustrates clock line interfaces according to an
embodiment of the invention;

FIG. 6 1llustrates an information frame, according to an
embodiment of the invention;

FIGS. 7-8 1llustrate an exemplary execution session of an
Identity data command, according to an embodiment of the
imnvention;

FI1G. 9 illustrates a method for media access control,
according to an embodiment of the mnvention;

FIG. 10 1s a flow chart of a method for exchanging signals
over a data line, according to an embodiment of the invention;

FIG. 11 1s a flow chart of a method for media access
control, according to an embodiment of the invention;

FIG. 12 a flow chart of a method for exchanging signals
over a data line, according to an embodiment of the invention;
and

FIG. 13 1s a flow chart of a method for media access
control, according to an embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The following figures 1llustrate exemplary embodiments of
the invention. They are not intended to limit the scope of the
invention but rather assist in understanding some of the
embodiments of the invention. It 1s further noted that all the
figures are out of scale.

FIG. 11llustrates a device 400' according to an embodiment
of the invention. Device 400' includes one or more integrated
circuits but can also include additional components such as
but not limited to a keypad, a display, microphones, and the
like. Device 400 can be a mobile device such as a cellular
phone, personal data accessory, a laptop computer, a palm
computer, a game console, and the like. Device 400' can also
be a non-mobile device such a desktop computer, a work
station, a server, and the like.

Device 400' includes a first component 421 and a media
access controller 410. The media access controller 410 1s
connected to the first component 421 by a data line 430 and a
clock line 440. The media access controller 410 conveniently
provides a clock signal to the clock line 440 during certain
periods. The media access controller 410 does not provide
any clock signal to the clock line 440 during other periods.

The media access controller 410 can transmit and receive
information over the data line 430.

Conveniently, the media access controller 410 provides
high frequency clock signals over the clock line 440 even
during a reception of data over the data line 430. Conve-
niently, the media access controller 410 can operate as a data
transier slave, while providing the high frequency clock sig-
nals over the clock line 440. Thus, if the media access con-
troller 410 granted access to a certain component, the media
access controller 410 provides the clock signals during the
transmission of data by the component, even if the media
access controller 1s the destination of the data.

The media access controller 410 and the first component
421 have various interfaces such as interfaces 460', 470, 465

and 475 that are further illustrated in FIG. 3-FIG. 5.
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FIG. 2 1illustrates a device 400 according to another
embodiment of the invention. Device 400 differs from device
400' by 1including multiple components 422-427. For conve-
nience of explanation FIG. 2 illustrates seven components
(collectively denoted 420) in addition to the media access
controller 410.

Each component has two interfaces, but for convenience of

explanation only the interfaces of second component 422 are
shown. FIG. 3-FIG. 5 1llustrates in further details these inter-
faces.

Conveniently, some of the components operate as masters
while other components operate as slaves. Typically, the
amount of slaves equals the amount of masters, but this 1s not
necessarily so. The media access controller 410 can be
regarded as a master, but this 1s not necessarily so.

It 1s noted that some of these components can be included
within a single integrated circuit, but this 1s not necessarily so.

Conveniently, at least one component out of components
420 1s a power management component.

Conveniently, a master can send commands (1nstructions)
as well as data to a slave while a slave can send data to 1ts
master. A component can also send an interrupt request via
the data bus.

According to an embodiment of the invention device 400
includes multiple components such as two power manage-
ment integrated circuits, a graphic processing unit, and a
base-band integrated circuit. The base-band integrated circuit
includes a media access controller 410 and an application
processor. Conveniently, the first power management control-
ler 1s a slave of the base-band integrated circuit while the
second power management integrated circuit 1s a slave of the
graphic processing unit.

The components 420 and the media access controller 410
are connected to each other by a single data line 430 and by a
single clock line 440.

The power consumption associated with data transfer over
the data line 430 1s responsive to the clock frequency of the
clock signal provided over the clock line 440.

Typically each component, as well as the media access
controller 410 includes a certain portion (such as the inter-
faces illustrated in FIG. 3-FIG. §) that 1s fed by the clock
signal that 1s provided over clock line 440. The power con-
sumption of that portion can be reduced by providing a low
frequency clock signal over the clock line or by not providing
a clock signal over the clock line 440. The selective provision
of clock signal 1s also known as clock gating.

According to an embodiment of the invention other por-
tions of the components 420 can operate at various power
modes, regardless to the clock signal provided over the clock
line 440 or 1n response to that clock signal. Conveniently,
cach component receives clock signals from two or more
sources, one being the clock line 440.

The media access controller 410 1s capable of operating
during low power modes when 1t does not provide a clock
signal over the clock line 440. For example, it 1s capable of
monitoring the data line 430 1n order to determine whether
one or more components out of multiple components 420
requests to transmit information over the data bus 430. The
media access controller 410 can also determine to mitiate a
transmission sequence during which 1t (the media access
controller 410) transmits information to one or more of com-
ponents 420.

Conveniently, the media access controller 410 can access a
set of mstructions that are at least partially stored within a
computer readable medium 800, such as a memory unit. The
memory unit can be an internal memory unit, an external
memory unit, a cache memory or not.
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4

According to an embodiment of the invention the media
access controller 420 also operates as a clock signal genera-
tor. FIG. 3 illustrates a clock signal generator 415 that 1s
included within the media access controller 410. It 1s noted
that this 1s notnecessarily so and the media access control 410
can control another component (such as a remote clock signal
generator) that selectively provides the clock signal.

The media access controller 410 can recerve a clock signal
from another source and selectively provide this clock signal
to the clock line 440. Such a configuration 1s illustrated in
FIG. 5.

Conveniently, the media access controller 410 1s adapted to
(1) monitor the data line 430, while maintaining at least a
clock line 1n a low power mode, (11) detect at least one media
access request generated by at least one component out of
multiple components 420, (111) force the at least clock line to
exit the low power mode and start a contention prevention
period, 1n response to at least one detected media access
request or in response to a determination to transmit informa-
tion by the media access controller itsell.

If the media access controller 410 determines that one of
components 420 should access the data line 430 then it also
generates at least one media access grant.

Conveniently, the media access controller 410 or a clock
signal provider that is controlled by the media access control-
ler 410 1s adapted to provide a high frequency clock signal
over the data line and further adapted to determine, before a
completion of the transmitting and 1n response to the trans-
mitted information, when to substantially reduce the clock
rate. The reduction can include not providing a clock signal.

For convenience of explanation each of devices 400 and
400' are referred to as device 400. Those of skill 1n the art will
appreciate that due to the different amount of components
within each device the communication protocol can differ
(for example the amount of media access request and grant
periods can vary). Each of methods 10, 100 and 300 can be
conveniently executed by either one of devices 400 and 400",

Conveniently device 400 has frame synchronization capa-
bilities. The device 400 1includes a clock signal provider 4135
and multiple components 421-427 that are connectively
denoted 420. The multiple components 420 are connected to
a data line 430. The clock signal provider 415 1s adapted to
provide a high frequency clock signal over a clock line 440
during a transmission of mformation over the data line. At
least one component out of the multiple components 420 1s
adapted to process at least one signal conveyed over the data
line during a short synchronization period to determine a
presence of a synchronization error. In addition, device 400 1s
adapted to maintain at least the clock line 1mn a low power
mode when the data line 1s substantially idle.

Conveniently, the media access controller 410 1s adapted to
selectively provide high frequency clock signals over the
clock line and to selectively grant access to the data line. At
least one component out of components 420 1s adapted to
perform frame synchronization during a short synchroniza-
tion period, 1n response to a recerved short synchronization
sequence.

Conveniently, information 1s transmitted over a single data
line 440 at a transmission rate that can range between a very
low frequency and a high frequency of few and even tenths of
Mhz.

FIG. 3 illustrates data line interfaces 460 and 465, accord-
ing to an embodiment of the invention.

The data interfaces 460 and 465 are connected to the data
line 430. They are both bi-directional, although interface 460
belongs to a master component, while interface 465 belongs
to a slave component.
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Interface 460 includes an input buffer 462 and an output
butilter 464. The output butler 464 canrecerve data (“Data-1n")
from another portion of the master component and provide
data (“Data-out”) to the data line 430. The output buttfer 464
1s controlled by a tri-state signal and by a read/write signal.
The tri-state signal can force the output buifer 464 to enter a
high impedance state. The input of mput butier 462 1s also
connected to data line 430. The read/write control signal
activates either the input butler 462 or the output butier 464.

The output of the output buller 464 and the mput of the
input butier 462 define an output node of the component.

Interface 465 includes an nput buffer 466 and an output
butlter 468. The output butler 468 canrecerve data (“Data-1n")
from another circuit of the slave component and provide data
(“Data-out”) to the data line 430. It 1s controlled by a tri-state
signal and by a read/write signal. The tri-state signal can force
the output buiier 468 to enter a high impedance state. The
input of input builer 466 1s also connected to data line 430.

The read/write control signal activates either the input butfer
466 or the output buifer 468.

FIG. 4 illustrates a data line interface 460' of the media
access controller 410, according to an embodiment of the
ivention.

The data line interface 460' differs from the data line inter-
face 460 by having a pull down resistor 461 that 1s connected
to the output node of the media access controller 410. Pull
down resistor 461 can be included within the media access
controller 410, but this 1s not necessarily so.

According to other embodiments of the invention at least
one other component out of components 420 1s also con-
nected to (or includes) a pull down resistor.

According to yet further embodiments of the mnvention at
least one other component out of components 420 and/or the
media access controller 410 are connected to a pull up cir-
cuitry, mstead to a pull up resistor 461. In this case a compo-
nent can provide a low level signal to indicate that 1t requests
to transmit over the data line.

FI1G. 5 illustrates clock line interfaces 470 and 475 accord-
ing to an embodiment of the invention.

Clock interface 470 belongs to the media access controller

410 and can include an output butfer 474 or a combination of

an input and output builers 472 and 474, as illustrated in FIG.
3. The mput buffer 472 1s conveniently connected, not
through the clock line 440, to a clock signal generator 415 in
order to recerve a clock signal (“Clock-1n"). The media access
controller 410 selectively provides that signal to the clock line
440. The output buffer 474 receives a Clock-out signal that
can be derived from the Clock-in signal.

Conveniently, the other components have an interface 475
that includes only an input butier 476.

FIG. 6 1llustrates an information frame 500, according to
an embodiment of the mvention.

Conveniently, once the transmission of information frame
500 ends, the media access controller 410 stops the provision
of the clock signal over clock line 440 and accordingly forces
the clock line and circuitries that are clocked by that clock line
to enter a low power mode.

The information frame 300 includes many portions. For
convenience of explanation the following description associ-
ates lengths (clock cycles, amount of bits) to each portion.
These lengths are non-limiting.

The information frame 500 starts by a contention preven-
tion bit 502 during which the media access controller 410
enters a high impedance state.

Referring to the example set forth 1n FIG. 4 the output
butter 464 of the media access controller 410 enters a high
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impedance state while the pull down resistor 461 provides a
pull down path to the data line 430.

Conveniently, 1I a component out of components 420
asserts the data line 430 to indicate that 1t requests to access
the data line 430, then the media access controller 410 can still
sense that request. Thus, contention prevention bit 502 pre-
vents the simultaneous transmission by the media access
controller 410 and a component out of components 420.

Thus, during a contention prevention period that 1s defined
by the contention prevention bit, the data line can convey a
low value (“0”) signal (1f the data line 430 1s successiully
pulled down by pull down resistor 461), convey a high value
(*‘1”) signal (if a component out of components 420 indicates
that 1t requests to access the data line 430).

If the pull down resistor 461 pulls the data line 430 down
while a components out of components 420 asserts an 1nitial
access request signal then the data line can enter a state that 1s
not well defined. Usually, such a not-defined state can be
climinated by carefully selecting the value of the pull down
resistor and the current of the mitial access request signal.

The length of the contention prevention period 1s conve-
niently long enough to allow media access requests to be
received by the media access controller 410 before 1t starts to
transmit information over the data line 430.

Requests can be received during this contention prevention

period for various reasons including a late recognition, by a
component, that a clock signal 1s being provided over the
clock line 440.

Conveniently, a component that 1ssued an initial media
access request by asserting a signal over data line 430 negates
the signal over the data line 430 once 1t senses that the media
access controller 410 starts to provide a clock signal over
clock line 440. This component provides an additional
request signal during a media access request period allocated
to that component. It 1s noted that both 1nitial and additional
requests are also referred to as media access request.

The contention prevention bit 302 1s followed by two syn-
chronization bits 304 and 506. The value of bit 504 differs
from the value of bit 506.

Conveniently, the components 421-427 count clock cycles
in order to synchronize. A synchronization error can occur as
aresult of amissed clock cycle, or other errors associated with
a counting based synchronization scheme.

Two synchronization bits of different values are required,
as the value of the contention prevention bit 502 1s not known
in advance. The components 420 monitor the data line 430 1n
order to detect the change between the two synchronization
bits 504 and 506.

Synchronization bit 506 1s followed by media access
request bits 510-516. Each bit 1s associated with a single
component. Components 420 are configured to transmit a
media access request over the data line during predefined
media access request periods. Conveniently, the media access
bits are ordered 1n response to the transmission priority of the
components, but this 1s not necessarily so.

Conveniently, 11 the multiple components 420 include K
components that can access the data line then K media access
bits are required. K 1s a positive iteger. K equals one 1n the
configuration 1illustrated 1 FIG. 1. K equals seven in the
configuration illustrated 1n FIG. 2.

It 1s further noted that 1n a configuration such as illustrated
in FIG. 1 the media access controller 410 decides whether to
access the bus of to allow the first component 421 to access
the bus.

It 1s noted that a media access period during which each
component can send a media access request signal can be
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longer than one bit. The length of the media access period 1s
usually responsive to the propagation period of the request
over the data line 430.

The media access request bits 510-516 are followed by a
media access control determination period during which the
media access controller determines who can access the data

line 430. This determination period 1s represented by a deter-
mination bit 518.

Conveniently the output buffer 464 of the media access
controller 410 enters a high impedance state during the deter-
mination period.

The media access controller 410 can use various prior art
media access control schemes. The allocation can be based
upon fixed priority allocated to the components, upon fairness
based schemes, and the like. Various versions of the round
robin arbitration scheme can be used. Conveniently, the
media access control determination period 1s short, such as
one clock cycle.

It 1s noted that the media access controller 410 1s 1llustrated
as performing media access control determination on a single
information frame basis, but this 1s not necessarily so.
According to another embodiment of the invention the media
access method and device can perform a media access control
sequence 1n order to determine the access of one or more
components to the data line 430 during multiple transmission
SesSs101S.

Conveniently, the components are configured to be aware
of their media access request period and media access grant
period, as well as to the timing allowed to transmit informa-
tion over the data line 430. A component needs to know that
it has to watit a certain period (depending upon the order of the
associated media access grant period) until he can start trans-
mission. According to another embodiment of the invention a
component can search for a header end sequence and just then
start to transmit. A sequence of bits that includes at least one
high level bit followed by a zero bit and then a sequence of
high level bits can be used, especially 11 during the media
access control grant bits only one bit 1s high while the others
are low.

The determination bit 518 i1s followed by media access
control grant bits 520-526. If the media access controller 410
determines that a certain component out of components 420
should access the data line 430 then it provides a grant signal
during the corresponding media access control period.

The media access controller 410 can determine to block
access to the data line 430 for its own use or for system
considerations and 1n response does not send a grant signal to

any 420 components.

The media access control grant bits 520-516 are followed
by header end bit 528.

According to an embodiment of the imnvention an informa-
tion frame end bit (or sequence) 1s transmitted, 1n addition to
the header end bit 528 or instead of the header end bit 528.

The header 1s followed by at least one of the following:
command bits, address bits, data bits. The order of said bits as
well as the length of each bit sequence can vary. Some bit
sequences can be transmitted during one transmission
sequence, while other bit sequences can be transmitted during
other transmission sequences. For example, data bits can be
transmitted only when certain commands are being executed.

According to various embodiments of the invention some
bit sequences can be transmitted by one component while
other bit sequences can be transmitted by another component.
For example, during a transmission sequence a master coms-
ponent can gain access to the data line 430, and then transmit
a READ command to a slave component, the slave compo-
nent then sends the requested data to the master component.
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This can occur even 1f the media access controller 410 did not
grant access to the slave component.

It 1s assumed that the header end bit 528 1s followed by
command type bits 5330 and 532, destination address bits
550-556, additional command bits 534-540, and data bits
560-566.

TABLE 1 1illustrates exemplary commands, according to
an embodiment of the invention. It 1s noted that many power
management schemes that include multiple power modes can
be applied by using the mentioned above device and infor-
mation frames. For example, the amount of power modes can
exceed two, the power management can be responsive to
various parameters such as temperature, and the like.

It 1s noted that various commands including the MODE
command can be user defined. The MODE command conve-
niently mitiates an execution of predefined 1nstructions and/
or mitiate the retrieval of predefined values. A single MODE
command 1s conveniently associated with settings that other-
wise require an exchange of many instructions between vari-
Ous components.

The row “AD” of TABLE 1 indicates whether the compo-
nent that sends the command also sends data.

The row “DT” of TABLE 1 indicates whether the compo-
nent that sends the command also sends an address of a
destination component.

During the increase/decrease supply voltage/clock fre-
quency commands the data (denoted Y*) can include an
address of a register that has to be updated. The updating data
can follow the command.

It 1s Turther noted that some of the commands can be follow
by a response (conveyed over the data line 430) that indicates
if the command was completed, and the like.

TABL.

L1l

1

Additional

command
bits

Command

Type

bits AD

w
—

Command Sub-command

Read Read one byte 00 000
of data

Read two byte
of data

Read three
bytes of data
Read four bytes
of data

Write one byte
of data

Write two byte
of data

Write three
bytes of data
Write four
bytes of data
Enter standby
mode-reduce
power
consumption
Enter panic
mode-increase
voltage to a
high level

Sets a certain
voltage
regulator to a
certain value
Increase the
content of a
certain
register such
as to allow a
predefined
voltage and/or
supply clock

increment

Read 00 001

Read 00 010

Read 00 011

Write 00 100

Write 00 101

Write 00 110

Write 00 111

A T T T e
z < < < < Z 27z Zz Z

Mode 10 000

Mode 10 001 N N

DVS 11 0010

Increase 11 0011 Y Y*

supply
voltage/
clock
frequency
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TABLE 1-continued

Command  Additional
Type command

Command Sub-command bits bits AD DT
Decrease  Decrease the 11 0100 Y Y*
supply content of a
voltage/ certain
clock register such
frequency asto allow a

predefined

voltage and/or

supply clock

decrement
Identify Read 11 1000 Y N
data identification

value of a

component
Link test  Request to 11 1110

receive a

predefined

value in order

to test the

device
Sync. Synchronize 11 1111

FIGS. 7-8 and TABLE 2 illustrate an exemplary execution
session of an Identily data command, according to an
embodiment of the invention. A second component 422
requests to access the data line 430 1n order to recerve an
identification imnformation (ID3) of a third component 423.
The second component 422 sends an initial media access
request during the contention prevention period. It 1s further
assumed that a fifth component 425 also requests to access the
data line 430 but 1t has a lower prionity than the second
component 422. The fifth component 425 sends an initial
media access request that imitiates the provision of clock
cycles by the media access controller 410.

TABLE 2
Clock Transmitted
cycle signal Transmitting component
CKO Initial request Second component
to access media 422
CK1-CK2 Synchronization MAC
bits
CK3 Nothing First component
421 does not request access
to the data line
CK4 Media access Second component 422
request requests to access the data
line
CK5-CKb6 Nothing Third and fourth components
423 and 424 do not request
access to the data line
CK7 Media access Fifth component 425 requests
request to access the data line
CK8-CK9 Nothing Sixth till seventh component
426-427 do not request to
access the data line
CK10 Nothing MAC performs media access
(High impedance control determination
determination
bit)
CK11 Nothing MAC does not grant access to
first component 421
CK12 Media access MAC grants access to second
grant component 422
CK13-CKI18 nothing MAC does not grant access to
third till seventh
components 423-427
CK19 Header end bit MAC
528
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TABLE 2-continued

Clock Transmitted

cycle signal Transmitting component

CK20-CK21 Command type Second component 422
bits = 10

CK22-CK23 Third Second component 422
component’s
address (1ID3)

CK24-CK27 Additional Second component 422
command bits =
0000

CK28 Nothing Spacer bit

CK29-CK36 )3 Third component 423 provides

its 1dentification value ID3
CK37 No clock cycle Clock line 1dles till next

transmission sequence

In reference to the flow charts illustrated in FI1G. 9, FIG. 10
and FIG. 11 1t 1s noted that some of the following stages are
optional, and other stages can be added to the method, without
departing from the spirit of the invention. For convenience of
explanation the various stages are 1illustrated in view of the
examples illustrated 1n previous figures. These explanations
are not intended to limit the scope of the 1llustrated method.

FIG. 9 15 a flow chart of a method 100 for media access
control, according to an embodiment of the invention.

According to an embodiment of the invention multiple
components are connected to the data line 430 and to the
clock line 440 1n addition to the media access controller 410.
For simplicity of explanation the following explanation refers
to a multiple component configuration.

Method 100 starts by stage 110 of associating media access
priorities with at least one component connected to the data
line. These associations can be performed in advance, can be
fixed an/or can be dynamically changed.

Stage 110 1s followed by stage 120 of allocating media
access request periods with at least one component connected
to the data line. The allocation allows the media access con-
troller to determine which component 1ssued a media access
request.

Stage 120 1s followed by stage 125 of allocating media
access grant periods to components connected to the data line.

Stage 125 1s followed by a sequence of stages that repeated
during the operation of the media access controller 410.

The sequence starts by stage 130 of monitoring data line
430, while maintaining at least a clock line 1n a low power
mode, to detect at least one 1nitial media access request gen-
crated by at least one component connected to the data line
and to the clock line. Conveniently a clock signal 1s not
provided over clock line 440 during stage 130. Conveniently,
the component 1s one out of multiple components connected
to the data line, other than the media access controller.

Stage 130 1s followed by stage 140 of forcing the at least
clock line to exit the low power mode and starting a conten-
tion prevention period, 1n response to at least one detected
media access request or 1n response to a determination of the
media access controller 410 to transmit information over the
data line.

Conveniently the media access controller 410 or a clock
signal provider 415 that 1s controlled by the media access
controller, provides a clock signal during stages 140-210.

Conveniently, the media access controller 410 does not
transmit information during the contention prevention period.
According to an embodiment of the invention an output butier
464 of the media access controller 410 enters a high 1imped-
ance state while a pull down transistor 461 provides a pull
down path to the ground.
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Conveniently, the contention prevention period 1s one
clock cycle long.

Once the contention prevention period ends the method
enters a synchronization period that includes transmitting
synchronization signals, as 1llustrated by stage 160. Conve-
niently, the synchronization signals include at least one bit of
a lirst value that 1s followed by at least one bit of another
value.

Stage 160 1s followed by stage 170 of receiving, by amedia
access controller 410, at least one media access request dur-
ing a sequence of media access request periods. Conve-
niently, each media access request period 1s associated with a
component connected to the data line. It 1s noted that if the
media access controller 410 determines to transmit data then
stages 170 and 190 are not necessarily executed.

Stage 170 1s followed by stage 180 of determining which
component (or media access controller 410 itself) shall gain
access to the data line 430. The determination 1s usually
responsive to a reception of at least one media access request.

Stage 180 1s followed by stage 190 of transmitting, by a
media access controller 410, at least one media access grant,
during at least one media access grant period. Conveniently,
cach media access grant period 1s associated with a compo-
nent connected to the data line. If the media access controller
410 decides to access the data line 410 1t does not provide any
media access grant. It 1s noted that various media access grant
schemes can be used. For example, the media access control-
ler 410 can transmuit, during a one or more media access grant
periods a coded number representing the number (identity) of
the selected device. Referring to the example set forth 1n FIG.
2, a three bit code can be used to i1dentify either one of
components 421-427.

Stage 190 1s followed by stage 200 of transmitting infor-
mation over the data line, in response to a media access grant.
The information can include data, command, address or a
combination thereof. Typically, data bits are preceded by
command bits and address bits.

Conveniently the transmitted information includes power
control information. The power control information can
include power control commands as well as power control
data. The commands can include for example, a request to
increase (or decrease) the supplied power (and/or a supply
clock cycle rate), arequest to read a certain value indicative of
the power consumption, and the like. These values can reflect
the temperature of the components, the supply clock 1fre-
quency supplied to the components 420, the voltage supplied
to the components 420 and the like.

The supply clock signal conveniently differs from the
clock signal supplied over clock line 440. The supply clock
signal usually clocks portions of the components that do not
participate in the data exchange over the data line 440.

Stage 200 1s followed by stage 210 of transmitting an end
frame sequence. Stage 210 1s followed by stage 130. The end
frame sequence can be transmitted 1nstead of a frame header
end sequence or in addition to said frame header end
sequence.

FIG. 10 1s a flow chart of a method 300 for exchanging
signals over a data line, according to an embodiment of the
invention.

Method 300 starts by stage 310 of granting access to a data
line shared by multiple components. Conveniently, stage 310
includes momitoring the data line to detect one or more
requests to access the data line, and 1n response increasing the
clock rate. Conveniently, stage 310 can include one or more
stages out of stages 110-190 of method 100.
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Stage 310 1s followed by stage 320 and 330. Stage 320
includes transmitting information over the data line at a trans-
mission rate responsive to a first clock rate.

Stage 330 includes determining, before a completion of the
transmitting and in response to the transmitted information,
when to substantially reduce the clock rate.

Stages 320 and 330 are followed by stage 340 of stopping
the provision of clock signals over the clock line. Stage 340 1s
followed by stage 310.

FIG. 11 1s a tlow chart of a method 10 for media access
control, according to an embodiment of the invention.

Method 10 starts by stage 20 defining a short synchroniza-
tion period. Conveniently, the short synchronization period 1s
defined 1n response to a maximal expected synchronization
error. According to an embodiment of the mvention a maxi-
mal expected synchronization error 1s N clock cycles long and
the short synchronization period does not exceed (N+1) clock
cycles.

Stage 20 1s followed by stages 30 and 40. Stage 30 includes
providing a high frequency clock signal over a clock line
during a transmission of information over a data line that 1s
conveniently connected to the media access controller and to
at least one other component. Stage 30 1s followed by stage

70. Conveniently, the high frequency exceeds 10 Mhz. It can
reach 25 Mhz and even more.

Stage 40 1ncludes processing at least one signal conveyed
over the data line during the short synchromization period to
determine a presence of a synchronization error. The at least
one signal can define a synchronization sequence. It 1s noted
that at least a part of that sequence can be transmitted during
the short synchromization period. Conveniently, the synchro-
nization sequence includes at least one bit of a first value
followed by at least one bit of a different value.

If a synchronization error 1s detected then stage 40 1s fol-
lowed by stage 50 of correcting the detected synchronization
error. Stage 50 1s followed by stage 60 of transmitting infor-
mation over the data line or recerving information over the
data line.

Stage 60 1s followed by stage 70 of maintaining at least the
clock line 1n a low power mode when the data line 1s substan-
tially 1dle.

FIG. 12 a flow chart of a method 600 for exchanging
signals over a data line, according to an embodiment of the
invention.

Method 600 starts by stage 610 of granting 610 access to a
data line 430, by a media access controller 410, wherein the
data line 430 1s shared by multiple components 420.

Stage 610 15 followed by stages 620 and 630. Stage 620
includes transmitting information over the data line at a trans-
mission rate that i1s responsive to a clock signal rate, in
response to the access grant.

Stage 630 1includes providing the clock signal over a clock
line 440 by the media access controller 410.

Conveniently, stage 610 includes monitoring the data line
430 to detect a request to access the data line 430, and 1n
response 1ncrease the clock signal rate.

FIG. 13 1s a flow chart of a method 700 for media access
control, according to an embodiment of the invention.

The method 700 can be used to grant access to a data bus
430 that 1s shared by multiple components 420 and a media
access controller 410.

Method 700 includes preliminary stages 120 and 125.
Stage 120 includes allocating, by a media access controller,
media access request periods to the multiple components 420.
Stage 125 includes allocating, by the media access controller,
media access grant periods to the multiple components 420.
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Stages 120 and 1235 are followed by a sequence of stages
that can be repeated for each media access control cycle.

The sequence starts by stage 710 of detecting, by the media
access controller, at least one 1nitial media access request
generated by at least one of the components 420. Stage 710
may include stages 130 and even stage 140.

Stage 710 1s followed by stage 720 of monitoring the data
line 430 1n order to detect media access requests generated
during the media access request periods.

Stage 720 15 followed by stage 180 of determining which
component (or media access controller 410 itself) shall gain
access to the data line 430. This components 1s referred to as
the selected component.

Stage 180 1s followed by stage 730 of selectively 1ssuing at
least one grant signal during a media access grant period
associated with a selected component. The grant signal 1s
responsive to the determination of stage 180.

Conveniently, the media access request periods form a
continuous sequence ol media access request periods.

Conveniently, the media access grant periods form a con-
tinuous sequence of media access grant periods.

According to various embodiments of the invention each of

the mentioned above methods (10,100, 300, 600, 700) can be

executed by a device or especially by a media access control-
ler that executes a set of instructions that 1s stored within a
computer readable medium 800. This medium 1s not neces-
sarily an internal memory unit, as illustrated 1n FI1G. 2. Ths
medium can include magnetic storage devices (such as mag-
netic tape, diskettes, disk drives), optical storage devices
(such as DVD, CD) and the like. The media access controller
410 can execute the method 1n cooperation with other com-
ponents such as storage unit, buses and the like.

Conveniently, a computer readable medium 1s provided,
having stored thereon a set of instructions. The set of mnstruc-
tions, when executed by a media access controller, cause the
media access controller to grant access to a data line shared by
the media access controller and at least one other component,
such that a component transmits information over the data
line at a transmission rate responsive to a first clock rate.

The set of instructions also cause the media access control-
ler to determine, before a completion of the transmission and
in response to the transmitted information, when to substan-
tially reduce the clock rate.

Conveniently, a computer readable medium 1s provided,
having stored thereon a set of instructions. The set of mnstruc-
tions, when executed by a media access controller, cause the
media access controller to generate at least one media access
grant 1n response to at least one media access request.

The set of instructions also cause the media access control-
ler to momnitor a data line, while maintaining at least a clock
line 1n a low power mode, to detect at least one media access
request generated by at least one component connected to the
data line and to the clock line; and to force the at least clock
line to exit the low power mode and starting a contention
prevention period, when the media access controller or at
least one component requests to access the data line.

Conveniently, a computer readable medium 1s provided,
having stored thereon a set of instructions. The set of mnstruc-
tions, when executed by a media access controller, cause the
media access controller to provide (or to control) a high
frequency clock signal over a clock line during a transmission
of information over a data line coupled to the media access
controller and at least one component.

The set of instructions also cause the media access control-
ler to process at least one signal conveyed over the data line
during a short synchronmization period to determine a presence
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ol a synchronization error and maintain at least the clock line
in a low power mode when the data line 1s substantially 1dle.

Conveniently, the set of instructions cause the media access
controller 410 to grant access to a data line 430 wherein the
data line 430 1s shared by multiple components 420, and to
provide a clock signal over a clock line 440 during a trans-
mission of information over the data line at a transmission
rate that 1s responsive to a clock signal rate.

Conveniently, the set of instructions cause the media access
controller to determine which component shall gain access to
a data line; to allocate media access request periods to the
multiple components 420; to allocate media access grant
periods to the multiple components 420; to detect at least one
initial media access request generated by at least one of the
components 420; to monitor the data line 430 to detect media
access requests generated during the media access request
periods; and to selectively 1ssue at least one grant signal
during a media access grant period associated with a selected
component.

Varnations, modifications, and other implementations of
what 1s described herein will occur to those of ordinary skall
in the art without departing from the spirit and the scope ot the
invention as claimed. Accordingly, the invention 1s to be
defined not by the preceding illustrative description but
instead by the spirit and scope of the following claims.

We claim:

1. A method for media access control, the method compris-
ng:

generating at least one media access grant 1n response to at

least one media access request;

monitoring, by a media access controller, a data line, while

maintaining a clock line 1n a low power mode, to detect

at least one media access request generated by at least
one component coupled to the data line and to the clock
line; and

forcing the clock line to exit the low power mode and

starting a contention prevention period, in response to a

request to access the data line by the media access con-

troller or 1n response to a request to access the data line
by at least one component.

2. The device according to claim 1 wherein the media
access controller 1s further adapted not to transmit over the
data line during the contention prevention period.

3. The device according to claim 1 wherein information 1s
transmitted only over the data line.

4. The device according to claim 1 wherein the contention
prevention period 1s two clock cycles long.

5. A device comprising:

multiple components coupled to a data line; and

a media access controller adapted to:

(1) monitor the data line, while maintaining at least a
clock line 1n a low power mode,

(11) to detect at least one media access request for the data
line generated by at least one component,

(111) force the at least clock line to exit the low power
mode and start a contention prevention period, in
response to at least one detected media access request
for the data line, and

(1v) generate at least one media access grant.

6. The device according to claim 5 wherein the media
access controller 1s further adapted to end the contention
prevention period.

7. The device according to claim 5 wherein the media
access controller forces the at least clock line to exit the low
power mode by providing a clock signal over the clock line.
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8. The device according to claim 5 wherein the media
access controller 1s further adapted not to transmit over the
data line during the contention prevention period.

9. The device according to claim S wherein the at least one
component comprise at least one master component and at
least one slave component.

10. The device according to claim 3 wherein information 1s
transmitted only over the data line.

11. The device according to claim 5 wherein the contention
prevention period 1s two clock cycles long.

12. The device according to claim S wherein at least one
media access request 1s associated with power control infor-
mation.

13. The device according to claim 5 wherein at least one
component 1S a power management component.
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